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Biological approach to reduce Listeria

Bacteriophages to control L. monocytogenes on ready-to-eat meat products

Listeria monocytogenes is known to be a significant threat to the
safety of ready-to-eat (RTE) meat products. Effective hygiene mea-
sures can reduce both the frequency and level of contamination of
ready-to-eat products with Listeria monocytogenes. However, despi-
te these measures, consumers worldwide are often exposed to low
numbers of L. monocytogenes. Formulating meat products with an-
tilisterial chemicals is a common approach to control L. monocyto-
genes in RTE meat products. An alternative biological and safe ap-
proach to reduce the risk for listeriosis makes use of bacterophages
and has recently been introduced by EBI Food Safety under the na-
me Listex™ P100. The effectiveness of this method to eliminate Lis-
teria-contamination on pre-packaged sliced cooked meat products
was proven through research camied out at Ghent University. The
study did not only prove the effectiveness but revealed that a mini-
mal P100-dose of 107 pfu/cm? is required to meet the legislative cri-

teria for Listeria monocytogenes.

By Lieve Vermeiren,
F. Devlieghere, Dirk de Meester,
Marc Schellekens, Steven Hagens
and Johan Debevere

acteriophages (phages) are
Bbac:terial viruses that use
only specitic bacterial cells
as their host for replication.
Phages are submicroscopic parti-
cles that typically consist of nu-
cleic acid (DNA or RNA) sur-
rounded by a protein coat (HuD-
sON et al., 2005). They are abun-
dant in the environment, in the
human gastro-intestinal tract, in
water and in food products, in-
clusive meat and meat products
(ATTERBURY et al., 2003).
Bacteriophages have been clas-
sitied as either lytic phages (viru-
lent and always employ the lytic
pathway), or lysogenic phages
(temperate). Both types are only
able to replicate after infecting a
bacterial cell (obligate parasites).
In the case of the lytic pathway,
infection results in imminent
death of the bacterial cell by lysis
to release new phage particles. In
the case of lysogeny, infection
does not result in cell death or cell
lysisbut results in the integration
of the phage genome into the bac-
terial chromosome. Being part of
the bacterial chromosome, the
phage genome is replicated dur-
ing bacterial growth, however no
phage particles are formed.
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Some phages are strictly lytic
while others can switch between
the lytic cycle and alysogenic sta-
tus and vice versa, following cer-
tain stimuli (THIEL, 2004; HUupD-
SOM et al., 2005).

For use on food products, lytic
phages are preferred. In this lytic
pathway (1) phages attach to cell
surface receptor molecules of a
specitic host bacterium, (2) the
phage genome is injected into the
cell, (3) the bacterial genome is
disrupted and the bacterium is
killed, as some of the bacterioph-
age genes are encoding for en-
zymes that turn off or even de-
stroy the host's DNA, (4) the viral
genome is replicated and genes
are transcribed and further trans-
lated to form the proteins of the
phages’ capsid, (5), assembly of
new phages, up to several
hundred per cell, and (6) their en-
dolysins degrade the peptidogly-
can of the bacterial cell wall,
which results in the release of the
phages and death of the host by
lysis. In this process, the bacterial
cell is destroved. This cycle may
last only 30 to 60 minutes (THIEL,
2004).

Bacteriophages are attractive

candidates for prorecting food
products against proliferation of
food pathogens because they are
selb-perpetuating organisms de-
signed to kill living bacterial cells.
They have aninherent host speci-

ficity, that is based on the specific
binding between elements of
their capsid and specific mole-
cules on the surface of their target
bacteria and this ensures that
they do notinfect eukaryoticcells
and even non-target bacterial
cells. This means that pathogens
can be removed and beneficial or-
ganisms (starter cultures, gastro-
intestinal fHora of the consumer
or the background flora of the
treated food product) stay. An-
other valuable quality is that they
do not change the organoleptic
properties of the foodstuffs.

Listeria monocytogenes is a
widely distributed opportunistic
foodborne pathogen causing lis-
teriosis. This is a rare disease but
of great concern due to its high
human case fatality risk (BELL
and Kyriaxkmes, 2005). Major
concerns with L. monocytogenes
are its high mortality rate, wide
distribution on raw products,
growth at low temperatures and
its ability toestablishitselfin var-
ious food processing environ-
ments. L. monocytogenesis well-
adapted to survival on equipment
and in production tacilities and its
occurrence in cooked meat prod-
ucts (CMP) is mainly related to
post-heat-processing contamina-
tion during removal from the
cooking containers, slicing, pack-
aging or garnishing. UyTTEN-
DAELE et al. (1999) found that in-
cidence rates for CMP were high-
er after slicing (6 #5% ) than be-
fore slicing (1.65%).

The incidence nf L. monocyto-
genes on anaerobically packaged
sliced CMP has been reported by
several authors. In a survey of
CMP on the Belgian retail market
(UYTTENDAELE et al., 1999, the
overall incidence of L. monocyto-
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genes in 25 g was 4.90% (167/
3405). However, only a small pro-
portion (0.53% ) of samples con-
tained high contamination levels,
(»10ctu/g). The incidence rate
was higher for minced CMF (e.g,.,
pété) than for whole CMP (e.g.
cooked ham, cooked poultry),.
614% and 3.96%, respectively.
According to De BoEer (1990),.
luncheon meat, ham and cooked,
chicken breast are the most fre-.
quently contaminated CMP in,
The Netherlands. DE BoER and.
vaN NETTEN (1990) found 11%
(9/83) of paté samples to be con-,
taminated with L monocyto-,
genes. RIPENS et al. (1997) re-,
ported an incidence of L. mono-.
cytogenes of 2.6% in 3065 sam-,
ples of pité, which was in good.
agreement with the contamina-,
tion level of 2.76% (217 samples).
in the survey of UYTTENDAELE et
al. (1999). A more recent study on.
the occurrence of Listeria on,
sliced cooked meat products in.
Spain reported an incidence of L..
monocytogenes in 25 g of 8.8%
(35/396) (ViTas and GARCIA-A-
Lon, 2004).

Proliteration of the parhogen.
on CMP has been demonstrated,
although the extent of its growth.
depends on several factors includ-,
ing temperature, pH, water activ-,
ity, level of lactate, composition of,
the headspace atmosphere and,
the presence of a competitive flo-.
ra on a product. Growth of L.
monocytogenes in CMP has re-.
sulted in outbreaks of listeriosis.,
Belgian pité was the vehicle of.
infection in listeriosis in the UK,
between 1987 and 1989 with more.
than 350 cases and more than 90,
deaths. In 2000, an outbreak of
listeriosis in New Zealand follow-.
ing the consumption ot cooked,
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meats (ham and corned beef) and
in the US following the consump-
tion of delicatessen turkey meat
was responsible for 60 cases in
total. In 2001, precooked sliced
turkey was implicated in 10 cases
of listeriosis (US) (BELL and K-
RIAKIDES, 2005]).

Public and regulatory concern
related to L. monocytogenes has
led to the implementation of mi-
crobiological standards, aiming at
regulating the levels of L. maono-
cytogenes in food products (BELL
and KyRIAKIDES, 2005), Since 1st
of January 2006, an EU regulation
on microbiological criteria for
foodstutts has come into force
(Commission Regulation (EC) No
2073/2005) (European Commis-
sion, 2005). This regulation sets a
maximum level of 100 cfu/g for L.
monocytogenes at the end of the
shelf-life of ready-to-eat foods
(including CMP). Driven by this
new regulation, the search for in-
novative strategies to control L.
monocytogenes has received even
maore interest than before. In view
of the consumer trends towards
natural and healthy food products,
the use of bacteriophages as a
means of inactivating foodbormne
pathogens (Hupson et al., 2005)
has been proposed. Dvkes and
MooRHEAD (2002) have reported
phage control of L. monocyto-
genes in meat. They investigated
the effect of listeriophage LH7 on
the growth and survival of two
strains of L. monocytogenes on
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Fig.: The growth of the three-strain L. monocytogenes cocktail on vacuum
packaged model cooked ham at 7 °C without (B ) and with (., } listeriophage
P100 at a dose of 5x10° pfu/em? (&) or 13107 pfu/en? () (emor bars represent

standard deviations, n=2}

vacuum packaged beef, which was
stored at 4 °C. The listeriophage
had little etfect on either of the L.
monocytogenes strains probably
because of the less than optimal
bacteria-phage ratio. CARLTON et
al. (2005) selected for its work the
strictly lytic phage P1O0 and dem-
onstrated its successtul applica-
tion to control L. monocytogenes
in artificially contaminared soft
cheese.

Materials and Methods

Phage P100 was first isolated
eight years ago from a sewage
effluent sample taken from a

dairy plant in southern Germa-
ny. Samples were tested for the
presence of Listeria phages. One
particular phage formed large
clear plaques on most Listeria in-
dicator strains and this phage was
designated as P100 {CARLTON et
al.,, 2005) and is now proprietary
to EBI Food Safety. Most Listeria
phages seem to be temperate but
P100 is one of the Few exceptions.
The phage belongs to the tailed
phages having a contractile tail
and an isometric capsid (Myovi-
ridae). This strictly lytic phage
has an unusually broad host
range within the Listeria genus
as it is capable to infect and lyse
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more than 99% of tested food-
borne Listeria isolates. EBI Food
Satety is the frst company that
can produce the P100 bacterioph-
age in a cost-effective and safe
way using a strain of the non-
pathogenic Listeria innocua. The
product is sold under the name
Listex™ F100.

The effectiveness of Listex-
P100 as antilisterial product for
RTE meat products was proven
at Ghent University through
several challenge tests with a
cocktail of three L. monocyto-
genesstrains (Table 1) on anaero-
bically packaged CMP.

A preliminary  experiment
tested the lytic activity of P100
towards L. monocytogenes on
vacuum packaged cooked chick-
en fillet stored at 7 °C. The in-
dustrially prepared and sliced
cooked chicken tillet was treated
in three different ways: (1) non-
inoculated product (control), (2)
product inoculated with a cock-
tail of three L. monocytogenes
strains (Table 1) at 10 cfu/g, (3)
product inoculated with the
same three-strain cocktail of L
monoecytogenes ar 10 chu/g and
subsequently treated with P100
at 1x107 plu/am®  Inoculated
products were vacuum packaged .
and stored at 7+1 °C. At regular .
time intervals during storage,
samples were analysed to deter-
mine the number ot lactic acid
bacteria (LAB), the presence of L.
monocytogenes (in 25 g) and/or
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the number ot L. monocyto-
genes.

Further, a more elaborate ap-
plication test on a sliced model
cooked ham (MCH) was per-
formed to confirm the antiliste-
rial effect of P100 and to optimise
its dose of application. The model
cooked ham (MCH) was an im-
itation of cooked ham and was
produced under very hygienic
semi-industrial conditions (in a
pilot plant at the Laboratory for
Food Chemistry and Meat Tech-
nology of Kaho St. Lieven (Gent,
Belgium)) resulting in very low
contamination level after slicing.
Thisallowed studying the specific
interaction between phage P100
and L. monocytogenes without
having to take into account the
background FHora. The sliced
MCH was either inoculated with
the cocktail of the three L. mono-
cytogenes strains  alone  (at
50 ctu/g) or inoculated with the
L. monocytogenes cockeail (at
50 ctu/g) and subsequently with
P100 (at 5x10¢ pfu/cm? or 1x107
pfu/em?). Each treatment was
tested in duplicate. At regular
time intervals during storage (at
7+1°C under vacuum packaged
conditions), samples were ana-
lysed to determine the number of
LAB, the presence of L. mono-
cytogenes (in 25 g) and/or the
number of L. monocytogenes.
Samples treated with P100 were
also subjected to phage number
enumeration.

Tab. 1: Investigated Listeria monocytogenes strains

Code LFMFP*-code  Species Origin/Type

LIs1 LFMFP 45 L. monogytogenes Isolated by LFMFP

Lis2 LFMFP 182 L monogitogenes  Scott A (serotype 4b)
Lis3 LFMFP 34 L monocytogenes  LMG 13305 (serotype 4b)

* LRdAFF= Labomatory of Food Micobiology and Food Preservation, Ghent University

Source: Vemearen et .

A final challenge test investi-
gated the performance of P100 in
case the treated product is incor-
rectly vacuum packaged (e.g. in-
correct vacuum, packaging film
has a too low barrier, leaks, bad
seal, etc. allowing oxygen to en-
ter). For this purpose the sliced
MCH was either inoculated with
the cocktail of the three L. mono-

cytogenes strains  alone (at
15 ctu/g) or inoculated with the L.
monocytogenes  cockrail  (at

15 ctu/g) and subsequently with
P100 (at 1«107 pfu/em® or
5x107 pfu/em?). Each treatment
was tested in triplicate. After in-
oculation, products were incor-
rectly vacuumpackaged (vacuum
of 20 mbar in stead of 0 mbar)
and during subsequent storage at
7+1°C analysed for the number
of L. monocytogenes.

Results

In the preliminary experiment
on cooked chicken fillet, addition
of 1x10° pru/em? of P100 resulted
in a reduction of the L. mono-
cytogenes count with
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Feischwirtschaft Intemational 22007

3.32 logl0 (chu/g) compared to
the untreated control after 21
days of storage (7 °C, vacuum).
The more elaborate application
test on the model cooked ham
confirmed the antilisterial effect
of P100 {at 7 *C under vacuum)
(Fig.). The presence of P100 re-
sulted in a slower growth of L.
monocytogenes. On the cooked
ham inoculated with the cockrail
of L. monocytogenes and not
treated with P100, the number of
L. monocytogenes increased
with 3.77 logl0 (cfu/g) (mean in-
crease, n=2) over 27 days of vac-
uum packaged storage, while on
cooked ham treated with P100 ata
level of 5x10f pfu/em®  or
1x107 pfu/em?, the number of L.
monocytogenes increased with
3.18 and 0.91 logl0 (cfu/g) (mean
increase, n=2), respectively. The
difference in antilisterial effect
between the two P100 doses was
statistically significant (P<0.05).
This allowed concluding that
treatment with 1x107 pfu/em? of
P100 was most efficient to contral

the growth of L. monocytogenes
on the MCH.

Microbiology M

Immediately afrer phage treat-
ment (day O] of the MCH, the L.
monacytogenes number was sig-
nificantly (0.5 to 1logld chu/g)
lower in the P100-containing
samples compared to in the un-
treated sample and this independ-
ent of the applied phage dose
(Fig.). This interesting observa-
tion could indicate that phage
treatment results inan immediate
reduction of the number of L.
monocytogenes. Additional ex-
periments revealed that the initial
difference in Listeria-number
was certainly not due to phage ac-
tivity on the surface of the
ALOA-agar plates during their
incubation. A small part of the
initial ditference might, however,
be attributed to the fact that phag-
es immediately atter inoculation
start to act on the inoculated Lis-
teria cells and that in the time
during inoculation, sampling and
plating (estimated at +1 hour) the
phage’s activity leads to a slightly
reduced initial number of L.
monocytogenes cells.

Results of the final challenge
test, investigating the perform-
ance of P100 in case the treated
product is incorrectly vacuum
packaged, are summarised in Ta-
ble 2. Due to the incorrect vacu-
um packaging process, oxygen
concentrations raised to levels ot
10 to 15% after 14 days of stor-
age. This resulted in a rapid
growth of L. monocytogenes in
the control samples since num-

Annual subscription rates:

Company

Name

Address

Postal code

Tel

E-mail

Date

Mr

Mrs

Country

Fax

Website

Signature

Germany
EU

World

£80.00 (incl. postage and VAT)
£ 8s.60 (incl. postage and VAT)
EU(without VAT) €80.00
€82.00

(incl. postage)
(incl. postage)

Fleischwirtschaft International is published
g times a year. The order is valid immediate
effect until cancelled. The period of notice is

three months to the end of period.

Deutscher Fachverlag GmbH | Management board: Dr. Rolf Grisebach, Peter Kley, Michael Schellenberger | Register Court Frankfurt am Main HRB 8501




.Microbinlogy

bers of 2 to 4x10¢ctu/g were
counted after 28 days of storage.
On the P100-treated samples, the
growth of L. monocytogenes was
much slower and in particular
when treated with the highest
dose of 5x107 ptu/em?

Discussion

This study provides evidence
. on the usefulness of the lytic Lis-
. teria-specific phage P100 to con-
.trol L. monocytogenes on pre-
.packaged sliced cooked meat
.products. Treatment of RTE-
. meat products with *107 pfu/em?
. of Listex-P100 might contribute
.to comply with the European
food satety objectives for L.
. monocytogenes.
. Listex™ P100 was approved as
. GRAS (Generally Recognized As
. Safe] by the US FDA on October
. 17th 2006, based among others on
.the following scientific and eco-
-logical explanations. Bacterioph-
.ages are the most numerous life
. forms on earth, occurring almost
. everywhere in our environment,
. in water, in foods of various ori-
.gin, in the gastro-intestinal tract,
.etc. (DABROWSEA et al, 2005).
. On fresh and processed meat and
. meat products, more than 10° via-
.ble phages per gram are often pre-
.sent (CARLTON et al., 2005). This
.means that phages are routinely
.consumed in guite significant
.numbers and that mammalian
.organisms, including humans,
.are very frequently exposed to
.interactions with bacteriophages
. [DaBrROWSKA et al., 2005). It is
.commonly believed that bacte-
.riophages cannot infect cells of
_organisms more complex than
. bacteria, because of major differ-
cences in cell-surface molecules
.and in key intracellular machin-
. ery thatis essential for phage rep-
lication. CartTon et al. (2005)
.studied the P100 genome and
.conducted an oral toxicity study
.with P100 in rats and found no
.indications for any potential risk
.associated with using P100.

Another risk might be the po-
.tential carry-over of undesirable
.genes by phages between bacte-
.rial cells. Indeed, temperate phag-
.es are able to transfer virulence
. properties among bacteria. Their
.lysogenic status can potentially

100

Tab. 2: The growth of the three-strain L monogytogenes cocktail on incor-
rectly vacuum packaged model cooked ham at 7 °C without (control) and
with (Exp. 1 Exp. 2) listeriophage P100 at a dose of 1x107 pfu‘em? (Exp. 1)

or 5x10° pfu/em? (Bxp. 2)

Time (d} N1 (cfu'g)
Control

0 1.4x10°
14 2.5x10%
21 17104
28 26108
Experiment 1

0 <1.0=100
14 20100
21 78«107
28 6.0+102
Experiment 2

0 30100
14 10107
21 2.0+10°
28 <1.0=100

Source VErMBREN &t 3l

result in the expression of genes
encoding properties which in-
crease virulence of the host bacte-
ria. This is however never the case
For P100 as it is a strictly lytic (vir-
ulent) phage and lytic phages lack
the genetic factors required for in-
tegration of their phage DNA into
the host genome and always enter
the lytic cycle and eventually kill
and lyse the infected cells. Since
P100 is strictly lytic and kills all
infected cells, this precludes the
opportunity for increased viru-
lence ta ocour (WHICHARD et al.,
2003; CArRLTON et al., 2005).
Within the European Union
(EU) thereis no harmonised legis-
lation that regulates the use of
bacteriophages in food products.
According to EBI Food Safety, Lis-
tex-P100 is a processing aid and
nota preservative. EBl claims that
the phages in Listex™ P100 are
used during the production proc-
ess of toodstuff for technological
purposes, and at a later stage are
found in foodstuff only as safe
and inevitable residues without
having any remaining technolog-
ical effect on the foodstuff. As a
result Listex™ P100 could legally
be used as a processing aid for
foodstuff under European law.
Such processing aids pursuant to
European law are exempted from
all labelling requirements in con-
nection with the foodstuff they
are used for. Only EU member
states France and Denmark have
specific requirements for the no-

N2 (cfu'g) N3 (cfu/g)
70100 45x10*
2.2¢10¢ 4.0x10°
3.1x10¢ 4.6x10°
2.8x10s 4.2x10¢
3.0:10° <1.0x10°
2,0+10* <1.0x10°
1.1:10° 4.0x10*
- 1.22x10¢
<1.0x10° <1.0x10°
<1.0%10° <1.0x10°
<1.0<10° <1.0<10°
2410} <1.0x10°
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tification of processing aids. Lis-
tex™ P100 is the first product on
the European market that is con-
taining bacteriophages, meant for
application in food products.

The application of Listex P100
does not require special equip-
ment. If the treated product is in-
tended for cooking, as it is the case
forcooked meat products, the heat
sensitivity of P100 should be tak-
en into account. Because most
phages are heat sensitive, they are
best applied after the pasteurisa-
tion step of cooked meat products
in order to guarantee their viabil-
ity and activity. The meat product
can be immersed or dipped into
the Listex solution or the Listex
solution can be sprayed on the
product during or after slicing or
in the package immediately be-
fore sealing. In the case of spray-
ing an automatic dispensing and
spraying device can be used to en-
sure the correct concentrations of
the phage and its even distribu-
tion.
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